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BRIEF  ASSESSMENT 


North  Reservoir  Dam  is  an  earth  embankment  approximately 
600  ft.  long  and  27  ft.  high.  The  dam  was  completed  in  1874 
and  is  reported  to  be  founded  on  ledge  and  to  have  a  masonry 
core  wall.  An  open  channel  spillway  extends  around  the  right 
abutment  and  a  19  ft.  wide  by  2  ft.  high  concrete  weir  is 
located  at  the  spillway  crest.  Outlets  consist  of  a  16-in. 
water  supply  line  and  a  30-in.  blow-off  pipe  which  is 
presently  inoperative. 

Due  to  the  extent  of  downstream  development  that  would 
be  affected  in  the  event  the  dam  were  to  fail.  North  Reservoir 
Dam  is  confirmed  as  having  a  "high”  hazard  potential  in  the 
Corps  of  Engineers  National  Inventory  of  Dams. 

The  dam  is  in  fair  condition,  based  on  a  visual  examina¬ 
tion  of  the  structure.  Although  some  deficiencies  were 
noted,  there  was  no  evidence  of  settlement,  lateral  movement 
or  other  signs  of  structural  failure  or  other  conditions 
which  would  warrant  urgent  remedial  action. 

Based  on  the  size  (small)  and  hazard  potential  (high) 
classifications  in  accordance  with  the  Corps  of  Engineers 
guidelines,  the  test  flood  for  this  dam  is  one-half  the 
Probable  Maximum  Flood  (1/2  PMF) .  With  the  water  level 
at  the  top  of  the  dam,  the  ungated  spillway  capacity  is  450 
cfs.  Hydraulic  analyses  indicate  that  the  test  flood  out¬ 
flow  of  175  cfs  (inflow  of  1,560  cfs  or  2,700  csm)  can  be 
passed  with  a  freeboard  of  about  1.7  ft.  and  with  an 
unused  surcharge- storage  of  120  acre-ft.  remaining. 

The  Town  of  Winchester,  owner  of  the  dam,  should 
engage  a  registered  professional  engineer  to  conduct 
investigations  including  assessment  of  the  seismic 
stability  of  the  dam  embankment  and  evaluation  of  the 
seepage  condition  below  the  embankment  toe,  as  outlined 


in  Section  7.2.  The  results  of  those  investigations  and 
remedial  measures  including  clearing  the  spillway  channel 
and  restoring  the  blow-off  pipe  to  service,  as  outlined 
in  Section  7.3,  should  be  implemented  by  the  owner  within 
one  year  after  receipt  of  this  report.  As  also  recommended 
a  program  of  biennial  periodic  technical  inspections  should 
be  instituted. 


PREFACE 


This  report  is  prepared  under  guidance  contained  in  the 
Recommended  Guidelines  for  Safety  Inspection  of  Dams,  for 
Phase  I  Investigations.  Copies  of  these  guidelines  may  be 
obtained  from  the  office  of  Chief  of  Engineers,  Washington, 

DC  20314.  The  purpose  of  a  Phase  I  Investigation  is  to 
identify  expeditiously  those  dams  which  may  pose  hazards  to 
human  life  or  property.  The  assessment  of  the  general  condi¬ 
tion  of  the  dam  is  based  upon  available  data  and  visual  inspec¬ 
tions.  Detailed  investigation,  and  analyses  involving  topo¬ 
graphic  mapping,  subsurface  investigations,  testing,  and 
detailed  computational  evaluations  are  beyond  the  scope  of  a 
Phase  I  Investigation;  however,  the  investigation  is  intended 
to  identify  any  need  for  such  studies . 

In  reviewing  this  report,  it  should  be  realized  that  the 
reported  condition  of  the  dam  is  based  on  observations  of  field 
conditions  at  the  time  of  inspection  along  with  data  available 
to  the  inspection  team.  In  cases  where  the  reservoir  was  low¬ 
ered  or  drained  prior  to  inspection,  such  action,  while  improv¬ 
ing  the  stability  and  safety  of  the  dam,  removes  the  normal 
load  on  the  structure  and  may  obscure  certain  conditions  which 
might  otherwise  be  detectable  if  inspected  under  the  normal 
operating  environment  of  the  structure. 

It  is  important  to  note  that  the  condition  of  a  dam  depends 
on  numerous  and  constantly  changing  internal  and  external  con¬ 
ditions,  and  is  evolutionary  in  nature.  It  would  be  incorrect 
to  assume  that  the  present  condition  of  the  dam  will  continue 
to  represent  the  condition  of  the  dam  at  some  point  in  the 
future.  Only  through  continued  care  and  inspection  can  there 
be  any  chance  that  unsafe  conditions  be  detected. 

Phase  I  Investigations  are  not  intended  to  provide  detailed 
hydrologic  and  hydraulic  analyses.  In  accordance  with  the 
established  Guidelines,  the  test  flood  is  based  on  the  estimated 
"probable  maximum  flood"  for  the  region  (greatest  reasonably 
possible  storm  run-off) ,  or  a  fraction  thereof.  Because  of  the 
magnitude  and  rarity  of  such  a  storm  event,  a  finding  that  a 
spillway  will  not  pass  the  test  flood  should  not  be  interpreted 
as  necessarily  posing  a  highly  inadequate  condition.  The  test 
flood  provides  a  measure  of  relative  spillway  capacity  and 
serves  as  an  aid  in  determining  the  need  for  more  detailed 
hydrologic  and  hydraulic  studies,  considering  the  size  of  the 
dam,  its  general  condition  and  the  downstream  damage  potential. 
Consideration  of  downstream  flooding  other  than  in  the  event 
of  a  dam  failure  is  beyond  the  scope  of  this  investigation. 


The  Phase  I  Investigation  does  not  include  an  assessment 
of  the  need  for  fences f  gates r  no-trespassing  signs,  repairs 
to  existing  fences  and  railings  and  other  items  which  may  be 
needed  to  minimize  trespass  and  provide  greater  security  for 
tne  facility  and  safety  to  the  public.  An  evaluation  of  the 
project  for  compliance  with  OSHA  rules  and  regulations  is  also 
excluded . 
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SECTION  4  -  OPERATIONAL  PROCEDURES 

4 . 1  Procedures 

Routine  operation  of  the  dam  consists  of  removing  and 
cleaning  the  gatehouse  intake  screens  and  recording  the 
reservoir  level  at  the  dam  twice  a  week. 

4 . 2  Maintenance  of  the  Dam 
There  is  no  established  maintenance  program  for  the 

dam. 

4 . 3  Maintenance  of  Operating  Facility 

Other  than  cleaning  of  the  gatehouse  intake  screens, 
there  is  no  established  maintenance  program  for  the 
operating  facilities. 


4 . 4  Description  of  any  Warning  System  in  Effect 

There  is  no  warning  system  or  emergency  preparedness 
plan  in  effect  for  this  structure. 

4 . 5  Evaluation 

A  biennial  observation  and  maintenance  program  should 
be  established  to  examine  the  dam,  control  tree  and  brush 
growth  and  maintain  the  spillway  channel  and  weir.  The 
30-in.  blow-off  pipe  should  be  made  operative  and  operated 
periodically.  A  warning  system  or  emergency  preparedness 
plan  should  also  be  established. 


be  little  probability  that  landslides  into  the  reservoir 
would  cause  waves  which  would  overtop  the  dam.  No  con¬ 
ditions  which  might  result  in  a  sudden  increase  in  sediment 
load  into  the  pond  were  noted. 

e.  Downstream  Channel.  The  reservoir  area  was  drained 
by  Sawmill  Brook  before  construction  of  the  dam.  The 
downstream  channel  of  the  spillway  now  joins  old  Sawmill 
Brook  at  a  distance  of  about  300  ft.  from  the  spillway. 

The  brook  continues  westward  to  a  po. nt  near  Highland 
Avenue  where  it  discharges  into  a  steel  conduit  (approxi¬ 
mately  2  ft.  diameter) .  The  conduit  is  believed  to  be 
connected  to  the  municipal  drainage  system,  through  which, 
flow  would  eventually  reach  the  Aberjona  River,  about 
3,500  ft.  from  the  dam  site.  It  was  not  possible  to 
observe  the  discharge  route  downstream  of  Highland  Avenue. 

A  concrete  arched  culvert  is  located  on  the  channel, 
underneath  a  service  road,  about  210  ft.  downstream  of  the 
spillway.  The  channel  gradient  in  this  reach  is  quite 
steep,  at  about  8  percent.  The  stream  bed  is  overgrown 
with  dense  vegetation  and  occasional  large  boulders 
were  observed  along  the  channel,  Photos  No.  10  and  11. 

3.2  Evaluation 


Based  on  the  visual  examination  of  6  December  1978, 
the  overall  condition  of  the  dam  and  appurtenant  structures 
is  considered  to  be  fair.  Deficiencies  which  have  been 
noted  should  not  effect  the  performance  of  the  dam. 


Photos  No.  12  and  13.  A  slight  upflow  was 
noted  in  one  of  the  pools  but  there  was  no 
evidence  of  soil  movement.  It  was  reported 
that  a  small  building  once  covered  the  pools 
and  that  seepage  was  collected  and  pumped  back 
to  the  reservoir.  It  was  also  reported  that  there 
have  been  problems  with  accumulation  of  seepage 
water  in  a  pit  inside  the  chlorination  station. 

c.  Appurtenant  Structures .  The  spillway  weir  is 
approximately  19  ft.  long,  2  ft.  high  and  is  in  fair 
condition.  The  concrete  weir  consists  of  two  8-ft.  sections 
separated  by  a  3  ft.  wide  opening  with  stoplogs.  The 
stoplogs  are  in  a  deteriorated  condition.  Remnants  of 
sandbags  were  observed  in  the  area  behind  the  stoplogs. 

The  8  ft.  long  concrete  sections  are  out  of  alignment, 
indicating  some  horizontal  movement  has  taken  place.  Photo 
No.  8.  Minor  cracks,  stains  and  spalling  were  observed. 

Seven  1-in.  diameter  steel  pins,  equally  spaced,  were 
embedded  in  the  crest  of  the  weir  and  could  be  used  to 
support  temporary  flashboards.  The  spillway  approach 
channel  was  in  good  condition.  Photo  No.  9. 

The  gatehouse  is  a  mortared  stone  masonry  and  brick 
structure  with  a  slate  covered  roof.  Photo  No.  6.  A  steel 
pedestrian  bridge  provides  access  to  the  gatehouse.  The 
bridge  appears  to  be  well  maintained  and  in  good  condition, 
but  minor  rusting  is  taking  place.  Copper  flashing  on 
the  gatehouse  roof  is  in  need  of  repair. 

There  are  three  water  supply  intakes  plus  an  intake 
noted  as  a  reservoir  drain.  The  three  water  supply  in¬ 
takes  are  operative,  but  the  reservoir  drain  is  reported 
to  be  silted  up.  Regardless  of  whether  the  drain  is 
plugged  or  not,  the  drain  has  a  24-in.  gate  valve  in  the 
closed  position  at  the  gatehouse  which  is  inoperative. 

In  addition  to  the  water  transmission  line  leaving  the 
gatehouse,  there  is  a  30-in.  blow-off  pipe  which  is 
gated  at  the  gatehouse  end.  The  gate  is  in  the  closed 
position  and  is  inoperative.  The  location  of  the  outlet 
end  of  blow-off  pipe  is  unknown.  Therefore,  at  present, 
drainage  of  the  reservoir  can  only  be  accomplished  to 
the  elevation  of  the  lower  intake,  (El.  131.0),  by  flow 
through  the  16-in.  water  supply  line.  The  gate  operators 
for  the  supply  line  and  blow-off  pipe  are  shown  in 
Photo  No.  7. 

d.  Reservoir  Area.  The  area  around  North  Reservoir 
is  generally  well  preserved  woodlands.  There  appears  to 


SECTION  3  -  VISUAL  EXAMINATION 


3 . 1  Findings 

a.  General .  The  Phase  I  visual  examination  of  the 
North  Reservoir  Dam  was  conducted  on  6  December  1978. 

In  general,  the  project  was  found  to  be  in  fair  con¬ 
dition.  Some  deficiencies  which  require  correction  were 
noted . 

A  visual  inspection  check  list  is  included  in  Appendix 
A  and  selected  photographs  of  the  project  are  given  in 
Appendix  C.  A  "Site  Plan  Sketch",  page  C-l,  shows  the 
direction  of  view  of  each  photograph. 

b.  Dam.  The  earth  embankment  is  generally  in  good 
condition.  There  was  no  evidence  of  settlement,  lateral 
movement  or  other  serious  defects.  Slight  seepage  was  evident 
but  is  understood  to  be  a  long-standing  condition. 


The  following  specific  items  were  noted: 

1.  The  embankment  crest  has  an  earth  and  stone- 
dust  roadway  which  shows  slight  wear  by 
vehicle  traffic,  Photos  No.  3  and  4. 

2.  The  embankment  slopes  are  mostly  grass 
covered  with  some  brush  and  small  saplings. 
Photos  No.  1,  3  and  4.  Some  localized  erosion 
was  noted  on  the  upstream  face  near  the  crest. 

3.  Riprap  consisting  of  12  to  18-in.  stones 

and  present  along  the  upstream  face  below  approx 
El.  147,  is  locally  dislodged.  Photos  No. 

2  and  3 . 

4.  It  is  reported  that  animal  burrows  were 
found  in  the  embankment  in  the  past  and 
that  attempts  were  made  to  exterminate 
the  animals.  However,  no  evidence  of 
animal  burrows  was  noted  during  the  site 
visit.  The  unmowed  grass  on  the  down¬ 
stream  slope  impeded  close  examination . 

5.  Wet  ground  and  local  colorless  seepage  were 
noted  along  the  base  of  the  berm  below  the 
toe  of  the  embankment.  There  is  a  small 
swampy  area  about  50-ft.  further  down¬ 
stream  with  two  concrete-walled  pools. 


SECTION  2  -  ENGINEERING  DATA 


2 . 1  Design  Data 

No  design  data  for  the  dam  were  located.  A  written 
description  of  the  embankment  is  contained  in  the  "History 
of  Winchester,  MA"  by  H.S.  Chapman. 

A  drawing  of  the  gatehouse,  prepared  in  November  1943, 
was  located  at  the  office  of  the  Town  Engineer  and  a  copy 
is  included  as  page  B-8. 

2 . 2  Construction  Records 


No  construction  records  were  located. 

2 . 3  Operation  Data 

There  are  no  operation  records  other  than  reservoir 
elevations  which  are  taken  twice  a  week  at  the  dam. 

2 . 4  Evaluation 

a.  Availability.  A  list  of  engineering  data  available 
for  use  in  preparing  this  report  is  included  on  page  B-l. 
Selected  documents  from  the  list  are  also  included  in  Appendix 
B. 


b.  Adequacy .  There  was  a  lack  of  engineering  data 
available  to  aid  in  the  evaluation  of  North  Reservoir  Dam. 
This  Phase  I  assessment  was  therefore  based  primarily  on 
visual  examination,  approximate  hydraulic  and  hydrologic 
computations,  consideration  of  past  performance  and 
application  of  engineering  judgement. 


c.  Validity.  There  is  no  reason  to  doubt  the  validity 
of  the  available  engineering  data. 


g.  Dam  Embankment 


1 .  Type . 

2.  Length . 

3.  Height . 

4 .  Top  width. . 

5.  Side  slopes 


6.  Zoning . 

7 .  Impervious  Core 

8.  Cutoff . 

9.  Grout  curtain.. 

10.  Other . 


Earth 

600  ft.  (est.) 

27  ft.  (est.) 

13  ft. 

2H  to  IV  Downstream 
(approx. ) 

1.2H  to  IV  Upstream, 

Upper  portion  (approx.) 

Unknown 

Masonry  wall 

Pounded  on  bedrock 

None 

Riprap  on  upstream 
face  below  approx.  El. 
147 


h.  Diversion  and  Regulating  Tunnel.  Not  applicable 

i.  Spillway 


1 .  Type . 

2.  Length  of  weir. 

3.  Crest  elevation 

4 .  Gates . 

5 .  U/S  channel .... 

6 .  D/S  channel .... 


Open  channel  with 
2  ft.  high  weir 
19  ft.  at  El.  147.3 
(top  of  weir) 

145.2  (channel  bottom) 
None  (stoplogs  are 
a  maximum  of  2  ft. 
above  channel  bottom) 

4  percent  slope 
toward  reservoir 
(est. ) 

8  percent  (est.) 


j.  Regulating  Outlets.  There  are  four  intakes  and  two 
outlets  at  the  gatehouse,  as  shown  on  page  B-8.  Three 
arched  inlet  openings,  with  invert  elevations  of  131.0, 

136.8  and  142.8,  are  controlled  by  moveable  planks.  A  24-in. 
reservoir  drain  pipe  with  an  invert  elevation  of  120.8  is 
gated  at  its  discharge  end  within  the  gatehouse.  It  is 
reported  that  the  reservoir-bottom  inlet  for  the  drain  pipe 
is  silted  up  and  that  the  gate  is  closed  and  inoperative. 


A  16-in.  water  supply  line  connects  the  gatehouse  to 
the  chlorination  station.  The  supply  pipe  is  gated  at 
both  ends  and  has  an  invert  elevation  of  120.8  at  the  gate¬ 
house.  A  30-in.  blow-off  pipe  with  invert  elevation  of  120.8 
at  the  gatehouse  leads  to  an  unknown  outlet  location.  The 
blow-off  pipe  gate  valve  is  reported  to  be  closed  and  in¬ 
operative  . 


175  cfs  at  El.  149.0 


4.  Ungated  spillway  capacity 

at  test  flood  pool 
elevation . 

5.  Gated  spillway  capacity 

at  normal  pool  elevation...  Not  applicable 

6.  Gated  spillway  capacity 

at  test  flood  pool 

elevation .  Not  applicable 

7.  Total  spillway  capacity  at 

test  flood  pool  elevation..  175  cfs  at  El.  149.0 

8.  Total  project  discharge  at 

test  flood  pool  elevation..  175  cfs  at  El.  149.0 

c.  Elevation  (ft.  above  NGVD) 


1.  Streambed  at  centerline  of 

dam .  123.5  (estimated) 

2.  Maximum  tailwater .  Unknown 

3.  Upstream  portal  invert 

diversion  tunnel .  Not  applicable 

4.  Normal  pool .  141.5  to  14  5.2 

5.  Full  flood  control  pool . Not  applicable 

6.  Spillway  crest 

(without  stoplogs) .  145.2  (estimated) 

(with  stoplogs) .  147.2  (estimated) 

7.  Design  surcharge  -  original 

design .  Unknown 

8.  Top  of  dam .  150.7 

9.  Test  flood  design  surcharge..  149.0 

d.  Reservoir 

1.  Length  of  maximum  pool .  0.8  mi.  (Est.) 

2.  Length  of  recreation  pool....  0.7  mi.  (Est.) 

3.  Length  of  flood  control  pool.  Not  applicable 


e.  Storage  (acre-feet) 


1.  Normal  pool .  300  to  500 

2.  Flood  control  pool . Not  applicable 

3.  Spillway  crest .  500 

4.  Top  of  dam .  860 

5.  Test  flood  pool .  740 

f.  Reservoir  Surface  (acres) 

1.  Normal  pool .  50  to  60 

2.  Flood  control  pool . Not  applicable 

3.  Spillway  crest .  60 

4.  Test  flood  pool .  70 

5.  Top  of  dam .  80 
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The  control  weir  in  the  spillway  appears  to  have  been 
added  sometime  after  original  construction.  There  have 
been  no  apparent  structural  changes  to  the  original  embank¬ 
ment  or  gatehouse. 

i.  Normal  Operational  Procedures.  The  control  works 
are  operated  for  water  supply  purposes.  The  16-in.  water 
supply  line  from  the  gatehouse  to  the  chlorination  station 
is  usually  open  and  flowing  at  all  times.  The  reservoir 
drain  and  blow-off  pipe  are  normally  kept  closed.  Operational 
procedures  consist  of  removing  and  cleaning  the  screens  of 
the  intake  openings  in  the  control  structure  twice  a  week. 
Reservoir  water  levels  are  recorded  on  those  days.  Additional 
routine  maintenance  is  performed  as  required. 

1 . 3  Pertinent  Data 


Some  records  for  North  Reservoir  Dam  show  elevations 
referenced  to  the  Town  of  Winchester  Datum.  Elevations 
in  the  text  of  this  report  are  referenced  to  the  National 
Geodetic  Vertical  Datum  (NGVD) ,  formerly  referred  to  as 
Mean  Sea  Level  Datum.  To  convert  to  the  town  datum,  it  is 
necessary  to  add  5.47  ft.  to  NGVD  elevations. 

a.  Drainage  Area.  The  drainage  area  of  the  North 
Reservoir  Dam  is  approximately  370  acres  (0.58  sq.  mi.) 
and  is  located  in  the  northwest  corner  of  the  Middlesex 
Fells.  The  watershed  is  separated  from  the  adjacent 
basins  by  several  hills.  The  majority  of  the  area  consists 
of  well  preserved  woodlands.  The  normal  surface  area  of 
the  reservoir  (about  50  acres)  represents  approximately  14 
percent  of  the  drainage  area. 

The  Middle  Reservoir  of  the  Winchester  Water  Works 
is  connected  to  the  North  Reservoir  with  a  10-in.  diameter 
valved  pipe  for  the  purpose  of  supplementing  the  North 
Reservoir  during  prolonged  droughts.  The  valve  is  normally 
closed  and  the  drainage  area  tributary  to  the  Middle  Reservoir 
is  not  included  in  the  above  370  acres. 

b.  Discharge  at  Dam  Site 

1.  Outlet  Works .  16-in.  water  supply 

line  and  30-in. 
blow-off  (inoperative) 

2.  Maximum  known  reservoir 

elevation .  146.8  on  13  April  1936 

3.  Ungated  spillway  capacity 

at  top  of  dam . 


450  cfs  at  El.  150.7 


and  sides  of  the  spillway  channel  and  low  masonry  training 
walls  are  present  along  some  sections  of  the  channel  down¬ 
stream  of  the  weir.  The  channel  joins  old  Sawmill  Brook 
about  300  ft.  downstream  from  the  spillway  weir. 

c.  Size  Classification .  The  storage  to  the  top  of 
North  Reservoir  Dam  is  estimated  to  be  860  acre-ft.,  and 
the  corresponding  maximum  height  of  the  dam  is  approximately 
27  ft.  Storage  of  less  than  1,000  acre-ft.  and  a  height  of 
less  than  40  ft.  classifies  the  dam  in  the  "small"  size 
category  according  to  guidelines  established  by  the  Corps 

of  Engineers. 

d.  Hazard  Classification.  The  dam  is  currently 
classified  as  having  a  "high" hazard  potential  in  the  Corps 

of  Engineers  National  Inventory  of  Dams.  Dam  failure  analysis 
computations  in  Appendix  D  which  are  based  on  "Guidance  for 
Estimating  Downstream  Dam  Failure  Hydrograph"  confirm  this 
classification.  In  the  event  the  dam  were  to  fail,  excessive 
residential  flooding  would  occur  with  potential  for  loss  of 


e.  Ownership .  The  name  and  address  of  the  current 
owner  is: 

Town  of  Winchester 
Public  Works  Department 
15  Lake  Street 
Winchester,  MA  01890 

The  Town  of  Winchester  is  the  original  owner  of  the  dam. 

f.  Operator.  Mr.  William  Conlon,  Operations  Manager, 
is  responsible  for  operation,  maintenance  and  safety  of  the 
dam  and  has  been  associated  with  the  Public  Works  Department 
for  23  years.  His  phone  number  is  (617)  729-3503. 

g.  Purpose  of  Dam.  The  North  Reservoir  was  originally 
constructed  and  is  presently  used  as  a  water  supply  for  the 
Town  of  Winchester. 

h.  Design  and  Construction  History.  Historical  records 
indicate  that  the  construction  of  North  Reservoir  Dam  was 
first  proposed  in  1872,  that  a  construction  contract  was  let 
in  September  1873  and  that  construction  was  completed  in 
September  1874.  The  dam  was  designed  by  Walter  H.  Sears, 

an  engineer  from  Boston,  and  was  constructed  by  George  H. 
Norman,  a  contractor  from  Newport,  RI.  No  original  design 
drawings  or  construction  records  were  located. 


a.  Location.  The  dam  is  located  at  the  northwest  end 
of  North  Reservoir,  in  Winchester,  MA,  as  shown  on  the 
Location  Map,  page  vii.  Spillway  discharge  from  the  dam  is 
conveyed  westward  along  Sawmill  Brook  and  then  through 

the  drainage  system  of  a  developed  area  of  town  to  reach 
the  Aberjona  River. 

b.  Description  of  Dam  and  Appurtenances.  The  North 
Reservoir  Dam  consists  of  a  curved  earth  embankment,  a  gate¬ 
house  with  two  outlet  pipes  and  an  open  channel  spillway  and 
weir.  The  total  length  of  the  embankment  is  estimated  to 

be  approximately  600  ft.  The  general  configuration  of  the 
dam  and  appurtenances  is  shown  on  the  "Site  Plan  Sketch", 
page  C-l. 

The  embankment  is  described  by  H.S.  Chapman  in  the 
"History  of  Winchester"  as "a  dam  founded  on  solid  ledge, 
with  a  core  wall  of  stonework  set  in  cement  and  a  heavy 
wall  of  earth  waterproofed  with  a  layer  of  clay.  The  face 
of  the  dam  is  curved;  its  width  at  the  bottom  is  one  hundred 
and  thirty  feet  and  at  the  top  thirteen  feet.  The  top  of 
the  dam  is  twenty-eight  and  one  half  feet  above  the  general 
level  of  the  floor  of  the  reservoir. " 

The  top  of  the  embankment  is  13  ft.  wide  at  El.  150.7 
with  side  slopes  of  approximately  2  horizontal  (H)  to  1  vert¬ 
ical  (V)  downstream  and  1.2H  to  IV  on  the  upper  riprapped 
portion  upstream.  The  lower  portion  of  the  upstream  slope 
appears  to  be  flatter.  The  upstream  face  has  riprap  wave 
protection  below  approximately  El.  147. 

The  gatehouse  is  located  on  the  upstream  side  of  the 
embankment,  approximately  200  ft.  from  the  left  abutment. 
Inlets  consist  of  three  levels  of  arched  openings  and  a 
24-in.  diameter  reservoir  drain  pipe.  A  16-in.  diameter 
water  supply  line  leads  from  the  gatehouse  to  a  chlorination 
station  located  opposite  the  gatehouse,  near  the  embankment 
toe.  A  30-in.  diameter  blow-off  pipe  leads  from  the  gate 
house  to  an  unknown  outlet  location.  Gatehouse  details  are 
shown  on  a  drawing  included  as  page  B-8.  Note  that  the 
elevations  shown  on  the  drawing  are  apparently  referenced 
to  a  town  datum  and  are  equal  to  USGS  Mean  Sea  Level  elevation 
plus  5.47  ft. 

An  open  channel  spillway  is  located  approximately  100 
ft.  beyond  the  right  abutment.  A  concrete  weir  extends 
across  the  spillway  channel.  The  weir  is  about  2  ft.  high 
and  consists  of  two  8  ft.  long  concrete  sections  separated 
by  a  3  ft.  wide  opening  with  stop  logs.  The  weir  crest  is 
about  El.  147.2.  There  are  numerous  outcrops  in  the  floor 


PHASE  I  INVESTIGATION  REPORT 
NATIONAL  DAM  INSPECTION  PROGRAM 
NORTH  RESERVOIR  DAM 
MA  00457 


SECTION  1  -  PROJECT  INFORMATION 


1.1  General 

a.  Authority.  Public  Law  92-367,  August  8,  1972, 
authorized  the  Secretary  of  the  Army,  through  the  Corps  of 
Engineers,  to  initiate  a  National  Program  of  Dam  Inspection 
throughout  the  United  States.  The  New  England  Division  of 
the  Corps  of  Engineers  has  been  assigned  the  responsibility 
of  supervising  the  inspection  of  dams  within  the  New  England 
Region . 

Haley  &  Aldrich,  Inc.  has  been  retained  by  the  New 
England  Division  to  inspect  and  report  on  selected  dams  in 
the  State  of  Massachusetts.  Authorization  and  notice  to 
proceed  were  issued  to  Haley  &  Aldrich,  Inc.  under  a  letter 
dated  28  November  1978  from  Colonel  Max  B.  Scheider,  Corps  of 
Engineers.  Contract  No.  DACW33-79-C-0018  has  been  assigned 
by  the  Corps  of  Engineers  for  this  work.  Camp,  Dresser  & 
McKee,  Inc.  was  retained  as  consultant  to  Haley  &  Aldrich, 
Inc.  on  the  structural,  mechanical/electrical  and  hydraulic/ 
hydrologic  aspects  of  the  Investigation. 

b.  Purpose  of  Inspection.  The  primary  purposes  of  the 
National  Dam  Inspection  Program  are  to: 

1.  Perform  technical  inspection  and  evaluation  of 
non-Federal  dams  to  identify  conditions  which  threaten  the 
public  safety  and  thus  permit  correction  in  a  timely  manner 
by  non-Federal  interests. 

2.  Encourage  and  prepare  the  states  to  initiate 
quickly  effective  dam  safety  programs  for  non-Federal  dams. 

3.  To  update,  verify  and  complete  the  National 
Inventory  of  Dams . 
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1.  Downstream  face  of  embankment  viewed  from 
right  abutment 
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SECTION  5  -  HYDRAULIC/HYDROLOGIC 


5.1  Evaluation  of  Features 


a.  General .  The  earthfill  embankment  of  the  dam 
reportedly  has  a  central  core  made  of  stone  masonry  with 
cement  mortar.  The  construction  was  completed  in  1874. 

The  reservoir  is  used  for  water  supply  to  the  Town  of 
Winchester.  Available  records  indicate  that  spillage 

from  the  reservoir  is  infrequent  and  occurs  in  small  quantities. 

The  North  Reservoir  yield  can  be  supplemented  by  a 
limited  quantity  of  water  from  the  Middle  Reservoir  through 
a  10- in.  diameter  valved  pipeline. 

b.  Design  Data.  No  hydrologic  or  hydraulic  design 
data  were  available  for  this  dam  site.  The  dam  was  designed 
by  engineer  Walter  H.  Sears  of  Boston. 


c .  Experience  Data.  As  indicated  in  the  Town ' s 
publications,  the  maximum  known  reservoir  water  surface 
elevation  was  146.8,  measured  on  13  April  1936.  This  was 
about  1.5  ft.  above  the  spillway  crest  and  about  3.9  ft. 
below  the  top  of  the  dam. 

d.  Visual  Observations.  The  watershed  of  the 
reservoir  consists  of  well  maintained  woodlands.  At  the 
time  of  the  site  visit  the  water  surface  in  the  reservoir 
was  at  a  record  low  of  El.  141.5  and  the  water  line  was 
about  100  ft.  away  from  the  spillway  crest,  which  is  at 
El.  145.2.  The  spillway  section  has  been  modified  by 
the  addition  of  a  concrete  weir  with  a  crest  elevation  of 
147.2.  A  3-ft.  wide  rectangular  notch  at  invert  elevation 
145.2  is  located  at  the  center  of  the  concrete  wall  with 
provisions  for  stoplogs.  The  existing  wooden  stop logs 
are  badly  deteriorated.  The  remnants  of  sandbags  were 
observed  around  the  spillway  and  were  probably  left  from 
April  1970  when  the  water  level  was  near  the  record  high. 

The  spillway  downstream  channel  is  quite  steep  with 
portions  observed  to  be  partially  blocked  by  large  boulders 
and  dense  bushes. 

Water  for  the  Town  may  be  withdrawn  from  the  reservoir 
at  three  different  levels  through  3-ft.  by  3-ft.  arched 
openings  at  the  gatehouse  and  conveyed  through  a  16- in. 
pipe  to  a  chlorination  station  located  at  the  toe  of  the 
dam. 


e.  Test  Flood  Analysis.  Based  upon  the  Corps  of 
Engineers  guidelines,  the  recommended  test  flood  for  the 
size  (small)  and  the  hazard  potential  (high)  is  within 
the  range  of  1/2  PMF  to  PMF  (Probable  Maximum  Flood) . 

The  PMF  was  determined  using  Corps  of  Engineers  guide¬ 
lines  for  "Estimating  Maximum  Probable  Discharge"  in 
Phase  I  Dam  Safety  Investigations.  The  watershed  terrain 
was  determined  to  be  midway  between  rolling  and  mountainous, 
and  an  inflow  rate  of  2,700  cfs  per  square  mile  was  extra¬ 
polated  for  the  drainage  area  of  0.58  square  miles.  The 
resulting  PMF  inflow  is  1,560  cfs. 

The  1/2  PMF  inflow  of  780  cfs  was  adopted  at  the  test 
flood  for  this  investigation.  Surcharge-storage  routing 
was  performed  through  North  Reservoir  using  the  related 
stage-discharge  and  area-volume  curves  which  are  shown  in 
Appendix  D.  The  test  flood  outflow,  which  was  estimated 
to  be  175  cfs,  would  occur  when  water  surface  elevation 
in  the  reservoir  is  at  elevation  149.0.  The  capacity  of 
the  water  supply  piping  system  was  ignored  in  this  evaluation 
It  is  concluded  that  the  spillway  is  adequate  to  pass  the 
test  flood,  although  it  appears  that  the  downstream  channel 
does  not  have  a  comparable  capacity. 

f.  Dam  Failure  Analysis.  Based  on  Corps  of  Engineers 
Guidelines  for  Estimating  Dam  Failure  Hydrographs  and 
assuming  that  a  failure  would  occur  along  a  165  ft.  long 
section  at  the  mid-height  of  the  dam  embankment,  the  peak 
failure  outflow  is  estimated  to  be  15,600  cfs.  The  down¬ 
stream  channel  runs  through  heavily  developed  sections  of 
the  Town  after  a  distance  of  about  1,000  ft.  from  the  dam. 

A  "reach"  between  the  dam  and  Highland  Avenue  was  studied 
for  the  flood  routing. 

Storage  volume  of  the  reach  (about  15  acre-feet)  is 
negligible  in  comparison  to  the  reservoir  volume  (860  acre- 
feet)  at  the  time  of  the  failure.  Water  depth  in  the 
downstream  channel,  resulting  from  a  failure  flood  flow 
of  15,600  cfs,  is  estimated  to  be  about  15  ft.  A  flow  of 
this  magnitude  would  cause  a  potential  loss  of  life  to 
people  living  in  the  nearby  homes  as  well  as  damage  to 
the  structures.  The  impact  area  would  include  the  inter¬ 
section  of  Highland  Avenue  and  Forest  Street  as  well  as 
the  area  between  Forest  Street  and  the  Aberjona  River. 

At  least  10  homes  which  are  presently  occupied  would  be 
affected.  Due  to  the  potential  loss  of  life  and  extensive 
property  damage  that  would  result  from  a  failure  of  the 
dam,  the  hazard  classification  is  considered  high. 
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SECTION  6  -  STRUCTURAL  STABILITY 


6 . 1  Evaluation  of  Structural  Stability 

a.  Visual  Observations.  There  was  no  visual  evidence 
of  instability  of  the  earth  embankment.  Embankment  crest 
width  and  side  slopes  are  generally  consistent  with  usual 
design  practice  and  the  embankment  past  performance  has 
been  satisfactory.  In  the  absence  of  seepage  problems,  the 
embankment  would  be  expected  to  be  stable.  However,  slight 
seepage  was  occurring  below  the  embankment  toe  and  reservoir 
level  was  low.  A  higher  reservoir  level  might  result  in 
changes  in  the  seepage  condition  that  could  be  significant 
with  respect  to  embankment  stability. 

The  spillway  weir  is  noticeably  out  of  alignment  and 
has  apparently  experienced  horizontal  movement.  The  sides 
of  the  spillway  channel  including  the  low  masonry  walls 
along  portions  of  the  discharge  channel  appear  to  be  stable. 


b.  Design  and  Construction  Data.  No  records  or 
drawings  related  to  design  or  construction  are  available 
to  aid  the  evaluation  of  structural  stability. 

c.  Operating  Records.  There  are  no  operating  records 
available  to  aid  the  evaluation  of  structural  stability. 

d.  Post-Construction  Changes.  There  is  no  apparent 
evidence  of  significant  structural  changes  in  the  embank¬ 
ment  since  original  construction  in  1874.  The  fact  that 
the  spillway  weir  is  concrete  indicates  that  the  weir  was 
not  part  of  the  original  design.  However,  the  date  that 
the  weir  was  added  is  unknown. 

e.  Seismic  Stability.  North  Reservoir  Dam  is  located 
in  Seismic  Zone  3.  Pertinent  data  needed  for  a  theoretical 
seismic  stability  analysis  of  the  embankment  are  not 
available.  Therefore,  the  stability  of  the  embankment 
during  an  earthquake  is  unknown. 

The  spillway  weir,  which  has  apparently  experienced 
horizontal  movements  previously,  should  not  be  considered 
stable  during  earthquake  loading.  However,  it  should  be 
noted  that  the  weir  is  only  2  ft.  high  and  is  founded 
directly  on  the  ledge  floor  of  the  channel.  Therefore, 
failure  of  the  spillway  weir  is  not  likely  to  be  a 
catastrophic  event. 
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SECTION  7  -  ASSESSMENT,  RECOMMENDATIONS 
AND  REMEDIAL  MEASURES _ 

7 . 1  Dam  Assessment 

a.  Condition.  The  visual  examination  of  North 
Reservoir  Dam  revealed  that  the  dam  structure  itself  was 
generally  in  good  condition.  However,  the  lack  of  an 
operative  reservoir  drain  and  the  presence  of  seepage 
below  the  embankment  toe  necessitate  an  overall  condition 
rating  of  fair.  No  signs  of  structural  failure  or  other 
conditions  which  would  warrant  urgent  remedial  action 
were  noted. 

Based  on  the  results  of  computations  included  in 
Appendix  D  and  described  in  Section  5,  the  spillway  is 
capable  of  passing  the  test  flood,  which  for  this  structure 
is  1/2  the  PMF ,  without  overtopping  the  dam.  With  the 
water  level  at  the  top  of  the  dam,  the  spillway  has  a 
capacity  of  450  cfs  with  stoplogs  removed.  The  test  flood 
overflow  of  175  cfs  (372  csm)  could  be  passed  with  a  free¬ 
board  of  about  1.7  ft.  and  unused  surcharge-storage  of 
120  acre-ft.  remaining. 

b.  Adequacy  of  Information.  This  evaluation  of  the 
dam  is  based  primarily  on  visual  examination,  approximate 
hydraulic  and  hydrologic  computations,  consideration  of 
past  performance  and  application  of  engineering  judgement. 
Generally  the  information  obtained  was  adequate  for  the 
purposes  of  a  Phase  I  assessment.  However,  additional 
information  should  be  obtained  relative  to  embankment 
seismic  stability  and  the  seepage  condition  below  the 
embankment  toe,  as  outlined  in  Section  7.2. 

c.  Urgency.  The  recommendations  for  additional 
investigations  and  remedial  measures  outlined  in  Section 

7 . 2  and  7.3,  respectively ,  should  be  undertaken  by  the 
Owner  and  completed  within  one  year  after  receipt  of  this 
report. 

d.  Need  for  Additional  Investigation.  Additional 
investigations  should  be  performed  by  the  Owner  as  out¬ 
lined  in  Section  7.2. 

7.2  Recommendations 

It  is  recommended  that  the  Owner  engage  a  registered 
professional  engineer  to  undertake  the  following  investi¬ 
gations  and  implement  corrective  action  as  required: 


1.  Assess  potential  vulnerability  of  the  dam  embank¬ 
ment  to  seismic  events  by  conventional  equivalent 
static  load  methods. 

2.  Investigate  the  seepage  condition  below  the  em¬ 
bankment  toe  and  assess  the  need  for  remedial 
measures. 

3.  Evaluate  the  need  to  repair,  remove  or  replace 
the  concrete  spillway  weir. 

In  addition,  the  owner  may  wish  the  engineer  to  con¬ 
sider  the  potential  for  flooding  of  the  area  downstream 
of  the  dam  in  the  event  that  the  spillway  is  required  to 
pass  heavy  flow. 

7 . 3  Remedial  Measures 

The  dam  is  generally  in  fair  condition,  and  it  is 
considered  important  that  the  following  remedial  work 
be  undertaken  by  the  Owner: 

1.  The  outlet  for  the  30-in.  blow-off  pipe  should 

be  located  and  the  blow-off  system  made  operative 
to  provide  a  means  of  lowering  the  reservoir 
in  an  emergency. 

2.  Seepage  appearing  in  the  swampy  area  below  the 
toe  of  the  embankment  should  be  monitored  on 

a  regular  basis,  until  an  assessment  of  the  need 
for  remedial  measures  can  be  made.  Particular 
attention  should  be  paid  during  periods  when 
the  reservoir  level  is  high.  Significant  changes 
in  the  seepage  quantity  or  seepage  pattern  could 
indicate  a  problem  within  the  dam  embankment. 

3.  All  brush,  trees  and  other  obstructions  should 

be  cleared  from  the  spillway  channel.  The  channel 
should  be  cleared  at  least  once  each  year. 

4.  Copper  roof  flashing  on  the  gatehouse  should  be 
repaired  and  the  access  bridge  steel  should  be 
cleaned  and  painted. 

5.  The  embankment  should  be  cleared  of  brush  and 
mowed  at  least  once  every  year.  After  mowing, 
the  embankment  should  be  examined  for  evidence 
of  animal  burrowing  activity  and  seepage. 


6.  Remove  or  replace  the  spillway  stoplogs. 

7.  Repair  localized  erosion  on  upstream  face  of  dam 
near  crest. 

In  addition,  the  owner  should  prepare  an  operations 
and  maintenance  manual  for  the  dam.  The  manual  should 
include  provisions  for  biennial  technical  inspection 
of  the  dam  and  for  surveillance  of  the  dam  during  periods 
of  heavy  precipitation  and  high  reservoir  water  levels. 

The  procedures  should  delineate  the  routine  operational 
procedures  and  maintenance  work  to  be  done  on  the  dam 
to  ensure  satisfactory  operation  and  to  minimize  deteriora 
tion  of  the  facility. 

Because  the  dam  is  classified  as  having  a  "high" 
hazard  potential,  the  owner  should  also  develop  a  written 
emergency  preparedness  plan  and  warning  system  to  be  used 
in  the  event  of  impending  failure  of  the  dam.  The  plan 
should  be  developed  in  cooperation  with  local  officials 
and  downstream  inhabitants. 

7.4  Alternatives 

Not  applicable. 
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HISTORICAL  SKETCH  OF  THE 


Middle  Reecrvoir 
South  Reservoir . 
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APPENDIX  C  -  PHOTOGRAPHS 


LOCATION  PLAN 

Site  Plan  Sketch 

PHOTOGRAPHS 

No.  Title 

1.  Downstream  face  of  embankment 
viewed  from  right  abutment 

2 .  Upstream  face  of  embankment 
viewed  from  near  left  abutment 

3.  Upstream  face  of  embankment 
viewed  from  gatehouse 

4 .  Downstream  face  of  embankment 

5 .  Chlorination  Station 

6 .  Gatehouse 

7.  Gatehouse  interior 

8.  Spillway  weir 

9.  Spillway  approach  channel 

10.  Spillway  discharge  channel, 
upstream  from  culvert 

11.  Spillway  discharge  channel, 
downstream  from  culvert 

12.  Concrete-walled  pools 

13.  Overflow  from  concrete-wa’ led 
pools 
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13.  Overflow  from  concrete-walled  pools 
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